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Jarvinen, 0. and Vai ig R, Ao 1979. Climatic changes, habitat 


changes, and competition - dynamics of geographical overlap in 


two pairs of congeneric bird species in Finland, —- Oikos 33:000-000, 


The relative densities and overlap zones of Parus cinctus (northern) 
and P,. cristatus (southern), and of Fringilla montifringilla 
(northern) and F. coelebs (southern) were studied in censuses made 
in Finland in 1910-29, 1936-49, 1952-63 and 1973-77. The population 
changes of the species are described. P. cinctus greatly decreased, 
first in the southern and later in the middle parts of its range. 

P. cristatus first expanded both northwards and to the Aland Islands, 
but then decreasec, particularly in the horth. In their overlap 
zone, both species decreased drastically (by 90-95 %). F. 
montifringilla was stable, excepting a temporary decrease in the 
1940's. we ceelebs increased, but the 1:1 zone of the Fringilla 
species has fluctuated mainly owing to fluctuations in the numbers 
and range of F. montifringilla. 

Two major theories purport to account for the dynamics of North 
European biota: either the climatic amelioration of the past 100 yr 
is of major importance, or recent habitat changes (often due to 
man or his livestock) are more effective. Recent changes in climate 
and habitats are compared with bird population changes in order to 
test the two biogeographic theories. Climatic amelioration may 
account for some, but certainly not all population changes. Habitat 
changes (including the abandonment of forest grazing, the increase 
of spruce, increased edge effect, and extensive clear-cuttings 
Harticulexriy. in N Finland) may explain all long-term trends. A 
few short-term population changes were probably due to exceptional 
winter or spring weather. 

The presumed interspecific. competition between the congeners 
studied is examined critically. Standard competition ejuations do 
not adequately model the dynamics of the species pairs, but at least 
three additional points must be taken into account: environmental 
changes, population changes in relation to ecological saturation, 


and the evolutionary time scale. 
O. Ja’rvinen, Dept of Genetics, and Risto A, Vdisanen, Dept of 


Zoology, University of Helsinki, P. Rautatiekatu 13, SF-00100 
Helsinki 10, Finland. 
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36 
us are close competitors. Their basic ecology has been described 
in standard handbooks, such as von Haartman et al. (1963-72), 
von Haartman (1969) or Lack (1971; Parus:30, 39, Fringilla: 89-91). 
In brief, P. cristatus breeds in coniferous forest, while P. cinctus 
also occurs in mixed forest. The feeding stat:ions (Nilsson and 
Alerstam 1976) are similar, but the beak of Pw cristatus is 
thinner. P. cristatus also breeds very early. ‘Significant negative 
interaction between the two tits was suggestecfloy Lack (1971:39), 
for he pointed out that P. cristatus is absenti j"rom Asia, and there 
P. cinctus reaches the southern border of the tziliga. 

Fringilla coelebs is a real habitat generafisst among the Finnish 
forest birds (von Haartman 1969). Fe. montifrimug-illa mainly breeds 
in sparse forest, including wooded bogs. The di ets are similar, 
as well as the measurements. Merikallio (1951¢ <see also Bergman 
1952) suggests that there is interspecific terriiteriiality between 


the Fringilla species, but the extensive unpubli “*ed data of A. 


Mikkonen (pers.comm, ) from the main overlap zone “ the species 
show great - overlap of territories. The Frin; zilla species 


migrate to Central Europe, but the Parus specie:s are sedentary. 

It should be noticed that Merikallio (1951) cdid not regard the 
two Parus species as a fully satisfactory pair f 3 his comparison, 
but he pointed out that the Parus genus and Regu us reguius might 
be a more proper unit, as they "seem to form bic logically a single 
feeding unit", He was thus a forerunner of the n ddern comcept 
of (feeding) guild (Root 1967), but the conclusi os drawm below 
are valid also if the whole guild is putea (f r relevamt data, 


see Jarvinen et al. 1977, Jirvinen and Viisiinen 977a, 1979a). 
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The data were gathered using the line trarmsect nm thod (eege J&irvinen 


and Vaiisinen 1976) in the breeding season, and t *y were analysed 
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for 1936-77 was 142 okservations on P. cinctus, 798 observations 
on P. cristatus, 6479 observations on F. montifringilla and 
23 708 observations on F. coelebs. As the censuses were divided 
into three periods (1936-49, 1952-63, 1973-77), of which 1973-77 
comprised almost 3/4, our statements on P. cinctus are based on 
tens of observations in each period, but there were hundreds 
eae cristatus) or thousands (Fringilla spp.) of observations in 
the other species. The censuses had a fairly even distribution 
over the whole of Finland in each period (e.g. i eee and 
Vaisinen 1979b), 

In addition to our own data, we used those published by 
Merikallio (1951) in a similar study. His methods (Merikallio 
1943) of 1910-29 were quantitative and he aimed at a 
representative coverage of different habitats. For the present 
purpose even the oldest data are thus applicable, as even a fairly 
crude method is adequate for establishing the relative proportions 
of the two Parus or the two Fringilla species, as the species 


ae Sea 


compared are relatively similar with respect to censusing. 
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Our strategy is first to describe recent changes in climate 

(this section), habitats (Sect. 4) and bird populations (Sacts55)4 
and then collate the facts in Sect. 6. We shall focus on Finland, 
but many trends have presumably been significant also elsewhere 
in northern Europe. Our climatic review is largely an ecological 


distillation of Heino (1978a, 1978b). 


— ee ee ee ae —— 
Se ee eam ee i Se Oe eee 


Heino (1978a, 1978b) has summarized the change of the annual 
average temperature in Helsinki as follows. [rom about the 1870's 
to the 1930's, the average temperature increased by about eae In 


the 1950's, average temperature started to decline, but, owing 
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to the mild winters of tho 19706, temperature again increased 


about to the level of the 1930's and 1940's, Summer temperature 


LPs red relatively less than winter temperature; only the warm 


summers of the 1930's resulted in an average increase of igs and 


the averages have remained on this level since then, The amelioration > 
ef the northern regional climate, which started in the 19th 

century, was most pronounced if spring temperature, which increased 
by about a2 by the 1930's, 

The long-term changes can also be mapped, for isotherms are 
displaced northwards as the climate ameliorates. As to April, the 
changes are largely negligible (von Haartman 1973). May isotherms 
(Fig. 1) migrated 100-200 km northwards from 1901-30 to 1931-60, 
but showed little changes in 1961-75, but June has become 
continuously warmer (Fig. Ay isotherms have moved as much as 
300-400 km northwards at some places from 1901-30 to 1961-75. A 
similar change from 1901-30 to 1931-60 is shown by July isotherms 
(Hustich 1978), but the isotherms show a reversal of the ameliorating 
trend in 1961-75 (our unpublished data). 

No weather indices were computed for our study periods, as 
annual variation is great compared with long-term trends; the 
standard deviation of monthly averages in temperature is 1-2 eC 
in winter even 4°c (Kolkki 1966, 1969), but long-term trends 
rarely exceed 17t2 In consequence, brief exceptional periods 
affect any indices greatly. For example, an index for 1973-77 
should certainly include tape sks 1971-75, but these were very 
warm years (since 1829, another five-year period, 1934-38, has 
been equally warm in Helsinki). But should we also include the 
late 1960's, when the winter temperatures averaged 3-4° less than 


the long-term (1931-60) average ? 
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Winter temperatuy“nhas a great effect on winter mortality of 


ie rn 
hoagevor. mings out paeqHov eovert ods, To i ot 


Leider bau 2’ OCCT art = see 


: = 
erga todgme er 9H 


ozs wiht ving 47ers epee t aiabin mans ans hove: 


Ry 


bru Ra to sxse roit syetevVe ne ne be + Leshere 2'oeet ‘oatd 3 


<. 


solsetoriems eA? .netid eon Covel etrit ao betitenen onan 20%. 


hotante doktly ,otemtio ROR: avrtiion @ 


/beesetont soit ,srTRLIOqMHos yrtvrqge os besedenore Sich aaw oh 


ae 


a, add yd Og 


heqqem od qete mao aaygerty ae: 


t efgoewk tot » 
ie iit ot eh eipxoitlone etertio edt e&4 ‘ahanwitdtea 
} 
‘sostdoet Yam « fever meutreait ney ) eltintinen os il ome 
soa-rtcCer ot OF+TORT mo xt ebrewt ae ust OOS-OGF. bosereiton ie os 


ard erwo twa say eree! ik aAeReesdts- orste | 


fl amredstoal 2 (Fr -n it) ‘roortew veto 


doum 66. bevor ove 
f c | a oJ OF — t Ut r rhoert 2 a at! : Stok +e cbusidds 
mort: visl vd mote 2c 08-hERE OF OC= =FOeT. 0? once § 


‘fons cult to Leer ovat 1 world enraitdoe atit sud (aver He 


+ (ache boule bce xo)! ayoreer ak baer 
| _- aes Fe 
boisxeq ybute wro, tet be surges stow od hints agin . zl 


ee a 


ert: taboetd imtart~s ato tT d¢iw Bertaqnros Setatbdy ok. one 


@* 


aie, S=t #k eteteveams s nt eogeTreve ylttaom Ys ro kaSitveb: Dr 


ee, absaord meaed gol dud ,(2det Saat juror) are naehs ates 


aes signee tos Prenat ao em 


1. 


6. 


tary birds (e.g Parus) or of those migrating to Central 
den 
se 

aS (e.8- Fringilla). The severity of the winter in a wide 
ruro 
region is indicated by the extent of ice cover in the Raltic; 


data are availablo since the winter of 1720 (=1719/20) (Jurva 


1952, Palosuo 1965; later data from Merentutkimuslaitos, Helsinki). 


Following the classification by Palosuo, severe winters (ice 
cover more than 300 000 ra) ccoupars sed (Fig. 2) 19 & of the 
winters in our study period (the long-term average for 1720-1950 
was 30 %). Mild winters free cover less than 180 OOO km”) were 
frequent, 25 = 60 % (only 38 % in 1720-1950). Of great importance 
is the mild period since 1970; in fact, 1971-75 was the mildest 
five-winter period ever observed at weather stations in Helsinki $ 
The winters of 1971-75 were also mild in Central Europe. 

Exceptional years with regard to temperature during spring 
migration or breeding were defined on the basis of average 
temperature in April, May, June and July, using age the standard 
deviations of average temperature for 1931-60 (Kolkki 1966; for 
Sodankyli, our own data). We defined a monthly average as normal, 
if it did not belong to the 10 % tails of a normal distribution 
constructed from the average and standard deviation. The calcula- 
tions have been summarized in Fig. 2. We observed 20.4 % exceptional 
months (expected 20 %), and cold and warm months were equally 
frequent (49 and 55, respectively). There were many warm months 
of June and cold months of July. 

We conclude (Fig. 2) that effects of exceptional weather may 
be expected on our results in the 1950's owing to the cold spring 
of 1955 (39 % of the transects for 1952-63 were censused in 1955, 
and this percentage is much higher for N Finland) and in the 1970's 
owing to the preceding mild winters. Of course, monthly averages 
may be misleading, for warm and cold periods may occur within a 


month . 
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As tho species pairs studied by us breed in forests, we PobEeres 
our attention to changes in tho structure of the Finnish forests. 
(For more comprehensive accounts of habitat changes, see ven 
Haartman 1973, 1975). We follow Jgyrvinen et al. (1977), whose 
data mainly come from the third (1951-53) and the sixth (1971-76) 
Finnish forest inventories, 

1. The age structure of the forests has changed (Tab. 1). Clear- 
cuttings have been extensive, and young stands have thus become 
more common. As the areas cut are often small plots, especially 
in S Finland, the amount of edges has considerably increased, 

On the other hand, the area of old (over 140 yr) PhLosedIdeckaneea 
by about 3500 RP from 1951-53 to 1971-76. Of great importance is 
probably the elimination of old/sick trees by foresters and the 
decreased average size of old forest areas. The cuttings of old 
forests were particularly extensive in N Finland in the late 1950's 
and early 1960's (Jaérvinen et al. 1977, especially their Fig. ay 

2. The proportion of spruce has greatly increased in S Finland 
(the recent trend in N Finland is different, but spruce is less 
important in the north). The percentage of spruce was 28 in S 
Finland in 1921-24, but it is now 42 (1971-76); this is an increase 
of 50 % As forest areas have increased and the volume of the 
growing stock has increased, the absolute increase is even greater. 

3. Peatland areas have been drained for forestry (40000 m 
especially in the 1960's), Many of the areas drained grow young 
pine, but the birch Betula pubescens is also often dominant. 

4, Artificial fertilization of forest areas started in the 1960's 
and about 20000 len have now been fertilized. As a result, the 
herb and bush layers of the forests have become denser. A similar, 
but probably more important effect is due to two trends in 


agriculture; afforestation of agricultural areas and abandonment 
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8B. 
of forest grazing by cattle. Both trends have created about 
5000 lon* forest areas, where deciduous bushes and young trees 
are abundant. Forest grazing was previously extensive Caer. von 
Haartman.1973, his Fig. 11), and the forests not used for grazing 
were probably barren. Forest grazing disappeared gradually. 
A,cording to von Haartman, it had decreased strongly in S and 
SW Finland in 1920, but» in other parts of the country it was 
still common, As late as 1938, more than 65000 km” of forests 
were still used for grazing. The effect of forest grazing is 
profound: wood production may @ecrease 50 % (Romell, ref. von 
Haartman 1973), the rejuvenation of deciduous trees is difficult 
and young spruce are badly damaged.(e.g. Lampimaki 1939). Forest 


grazing has certainly greatly affected Finnish bird populations 


(von Haartman 1973, Haila et al. 1980). 
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For the purposes of the present paper, many Hetaiia of the 

census results are irrelevant. Therefore, we shall summarize 

our data, to be published later in book form. The densities and 
frequencies (%) of the four species studied are shown in Fig. 3. 
As the 1:1 zones given by Merikallio (1951) are based on the 
numbers of observations and not on densities, his zones are 
directly comparable with our zones (1973-77) only if the zone 

for Parus is displaced slightly southwards and that for Fringilla 
slightly northwards (see Jairvinen and Viisiinen 1977b). In effect, 
the displacement would have been so small that it was not made 

at all, especially because the conclusions are identical. 

Another point is that Merikallio (1951) gives his period as 
1910-29. Actually, it was probably 1915-29 (cf. Merikallio 1943). 
(Curiously enough, the period was given as 1910-21 for Fyingilla, 


but this was probably a misprint.) 
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Densities, At present, maximum densities of P. cinctus occur in 
Forest Lapland (0.5 to 1 p km7*, or pairs/km*) and those of P. 
cristatus in S Finland (over 4 p km="), see Fig. 4A. There is an 
about 300 km broad zone where the two species overlap, but neither 
of them reaches the density of 0.25 p ins (a small area in N 
Finland being an exception, probably owing to chance). 

In recent decades, P. cristatus has increased and P. cinctus 
has receded in N Finland (Merikallio 1951, 1958, von Haartman et 
al. 1963-72), but the trend since the 1940's is different (Jarvinen 
and Vaisdnen 1977a, 1979a): both species have decreased, P. 
cristatus by about 50 % and P. cinctus by about 80 % er the 
1940's. In the overlap zone of the two species, the changes have 
been drastic: P. cinctus had densities of about 5 p rane in zones 
7h-75 in the 1940's, while the present densities are 0.2 to 0.4 
p ee (decrease 90-95 %); P. cristatus had densities of 1 to 2 
p km™* in zones 72-73 in the 1940's and 1950's, but the present 
density is about 0.1 p enn (decrease 90-95 %). The northernmost 
populations of P. cristatus and the southernmost populations of 


P. cinctus have decreased probably at least as drastically, though 


the data are too scanty for computations. The decrease of P. 
cristatus mainly occurred since the 1950's, but - as almost all. 
censuses made in the main range of P. cinctus were made in 1955 - 


it is difficult to date exactly the decrease of P. cinctus. 


The 1:1 zone. The 1:1 zone has shifted 100-200 km northwards 
from 1910-29 to the 1970's (Fig. 4B); owing to paucity of data, 


the change from the 1940's to the 1970's is not reliable. 
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Densities. At present, maximum densities of fF. montifringitila are 
about 16 p km™* (Forest Lapland) and those of F. coelebs exceed 
50 p nT” (S Finland). As the species are among the most common 
Finnish land birds, a more detailed map of their ratios could be 
drawn (Fig. 5A). The gradient is extremely steep - the ratio of 
the densities shows a 10000-fold change within about 600 km! 

Merikallio (1951) suggested that F. montifringilla decreased 
by about a half from 1910-29 to 1941-49, while F. coelebs increased 
slightly. His calculations were based on the assumption that the 
total numbers of Fringilla spp. were constant (7050000 pairs). 

As two different sets of data from S Finland Cfamei en eae 
Vaisdnen 1978, Haila et al. 1980) suggest a substantial increase 
Gre. “coclebs from the 1920"s and 1930's to the 1940's (and 
1970's), we reanalysed Merikallio's data assuming that the 
change observed in S Finland is valid for the whole population. 
However, the reanalysis confirmed Merikallio's suggestion; F. 
montifringilla was, as far as can be judged, about as abundant 
in 1910-29, 1952-63 and 1973-77. 

The trend in F. coelebs is different, The increase from the 
1920's and 1930's to the 1940's was substantial, but slight since 
then. 

The 13:1 zone. The cold spring of 1955 is reflected in our 
results for F. montifringilla: the Finnish population seems to 
have bred, on average, 100-200 km more to the south than normally. 
So the 1:1 zone was also much more southern than the present one. 
A southern 1:1 zone was also observed by Merikallio (1951) in 


1910-29, but it was northern in 1941-49 (Fig. 5B). 


6. Discussion 
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Merikallio (1951) interpreted the changes in the geographical 
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11. 
overlap in Parus and Fringilla on the basis of climatic trends. 
von Naartman (1973345!) discussed this interpretation, pointing 
out that, "Whethor tho cause is the climate...or habitat changes 
is difficult to judge". For Fringilla, von Haartman gives some 
data indicating that habitat changes may be important, but 
definite conclusions are not drawn, The two species pairs thus 
still provide major evidence for the theory that ‘the climatic 
amelioration during the past 100 yr has been a biogeographic 
agent of importance, 

Above, we have given data on bird population mMhamges and 
changes of climate and habitats, The evidence has iseen collated 
in Tab. 2. The following additional comments Pier fo thas table, 

1. The impact of forestry here refers mainly to extensive 
clear-cuttings in N Finland, 

2. The long-term increase refers to the first ‘half of this 
century. The spruce hypothesis is due to von Haaritman Evie 

3e No data given here, but the colonization has been documented 

_ s3pruce 
by Palmgren (1927) and von Haartman (1963). Becau:se/was increasing 
already during the colonization, the numbers attermpting colonization 
may have been increased ‘ and the climatic ameliosration may have 
acted in the same direction (von Haartman 1963).. 44s colonization 
always includes stochastic components, chance canmot be excluded, 
either. 

6. We do not see plausible mechanisms explainirmg a drastic 
reduction of breeding numbers after a cold spring,, and we therefore 
doubt it. Population fluctuations are an acl hoc explanation, and 
we therefore do not invoke it. However, because c:old spring 
delays breeding (S1agsvold 1977). a methodological error due to 
the cold spring of 1955 may have been introduced ltherej; in any 
case, the breeding of Carduelis flammea in 1955 was delayed’ 


in Lapland about two weeks, perhaps even more (vor: Haartman 1969). 
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The second half of May is the probable peak of laying in P. 
cinctus (von flaartman 1969), and the incubation period lasts 
about 17 days (A, Juirvinen 1978). It seems thus probable that the 
latter half of June, the most important censusing period in 
N Finland, coincided with incubation of P. cinctus in 1955 
(but not in the 1940's or the 1970's). If so, the drastic decrease 
of P. cinctus before 1955 was merely apparent. This is supported 
by Silvola's data in Hildén (1968) from northernmost Finlands 
the density in 1955 was normal, though the samples were very small 
(1-9 pairs). In our opinion, the most probable explanation is 
that there was a methodological error due to the early phenological 
time of the censuses in N Finland in the 1950's, 

7. The breeding territory of P. cinctus seems to be very large 
compared with other tits (Haftorn 1975), which may play a role Poet 

10. Southern breeding occurs commonly after cold springs 
(von Haartman et al. 1963-72). 

11. The favourable effect of spruce on F, coelebs was documented 
by Engstrém (1955). von Haartman (1969) stresses the importance of 
forests of high grade, and their coverage has certainly increasdd 
after the abandonment of forest grazing (cf. Haila et al. 1980). 
Forestry practices have also changed. The economically valuable 
trees were previously often cut, and the forest remaining comprised 
younger trees in sparse stands, which are poor for both birds and 
forestry. Improvements of forestry were certainly caused by the 
Private Forest Act of 1928. We are not able to order the causes 
connected with changes of forest structure, cspecially because 
F,. coelebs is a habitat generalist (except in its northern margin), 
but they seem to us a more probable cause than climatic ameliora- 
tion. However, the substantial early increase of the population 
might partially be due to decreased winter mortality owing to 
amelioration, and a completely unknown factor is hunting, which 


has probably decreased in the wintering area of F. coclebs. 
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We thus conclude that the effects of forestry have certainly 
had profound long-term effects on the two species eee studied 
here. The theory that the changes observed are mainly regulated 
by climate is partially refuted. The only points in Tab. 2 which 
cannot be explained by habitat changes are 6 (probably a methodo- 
‘logical problem) and 9-10 (temporary population changes probably 
related to exceptional weather). So short-term climatic effects 
must be invoked, but the role of long-term climatic changes is: 
not clear. The technique developed by von Haartman (1973) based 
on mapping isotherms of different periods (see Fig. 1) suggests 
that some effects may have been profound. The main difficulty is 
that "climatic amelioration" is a vague term, and causal mechanisms 
relating climatic changes with basic population parameters are 
seldom specified, 

The decrease of P. cinctus has usually been attributed to 
amelioration. The only plausible causal mechanism seems to be to 
invoke P. cristatus or some other southern competitor. It is now 
clear that this solution does not work, and the drastic decrease 
must mainly be due to habitat changes. This standpoint is supported 
by the fact that A, Jarvinen (1978) attributes the poor breeding 
success in a northern population of P. cinctus to "adverse climate". 
However, we do not completely dismiss possible effects of 
competitors (though they may have been increased due to habitat 
changes, not nbecteaes £4 owing to amelioration). So Phylloscopus 
trochilus, a dominant summer visitor, may be an effective 
competitor against Parus spp. (Ulfstrand 1976), and, according 
to our unpublished transect data, the population has increased 
in N Finland in recent decades. 

Hildén (1968) studied the invasion of P. cinctus in Finland 


in 1963-64, and he suggested that such invasions may also have 
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14. 
occurred previously, but they have not been observed by the few 
ornithologists of earlier times. While probably sound, this 
suggestion may be only a partial explanation, especially 
because the southern populations of P. cinctus were earlier much 
denser, Our data support the hypothesis that the invasion of 
1963-64 was particularly intense, compared with earlier invasions, 
because modern forestry has greatly decreased the coverage of 
mature forests in N Finland; extensive cuttings Seoul ed ina 
Finland in the 1950',. So the threshold of population density 
leading to invasion (see Hildén 1968) may have dereased 
substantially, As to the invasion of 1963-64, we joint out that 
the tits had experienced a particularly warm sprimg just before 
breeding (both April and May were exceptionally wa:irm in Sodankyla 
in 1963, Pies i2he He iee the tit numbers were higth before the 
invasion of 1963 (Hildén 1968), the climatic theoxryy receives an 


additional blow. 
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The complementary distribution maps of the speciessc mpared 
(Voous 1960, Haftorn 1971) strongly suggest that itiinterspecific 
competition is an important biogeographic factor, iif not in an 
ecological time scale, so in an evolutionary perspesctive (see 
also Lack 1971). Competition on a geographical graddient presents 
interesting problems (Pielou acyea but our data innadicate that 
the problems may be more complex than generally realized. 
First, competition is usually modelled using equéations 
predicting compensatory population changes of the ccmpetitoirs. 
This prediction is not valid in the two cases studied here, as 
habitat trends are (and climatic trends may be) over riding. 
MacArthur (1972) predicted, on theoretical grounds, that a «ap 


may exist between two competitors if the area between their mein 
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ranges is too unproductive. It seems that intensive forestry in 
N Finland has almost succeeded in providing a verifying instance 
of MacArthur's theory, for the two Parus species are very rare 
in their present overlap zone! The overlap of the Fringilla: 
species has fluctuated, but not as the competition theory 
proposes; the fluctuations have not been due to compensatory 
population changes, but fluctuations in F, montifringilla.- 

Second, Wiens (1977) emphasized that populations may experience 
"ecological crunches" in variable climates; such crunches nullify 
the assumptions of the competition theory and limit the usefulness 
of short-term studies. He stresses the importance of long-term 
studies in exploring alternative and complementary processes 
which should also be considered in addition to competition (not: 
instead of competition). Finnish line transects seem very useful 
on this point, and the present results contrast sharply with 
those of Merikallio (1951): on the basis of pure-bred competition 
theory, he suggested that the dynamics of the two species pairs 
can be understood as a result of climatic changes affecting the 
balance of two competitors (or, in Parus, the balance of a 
feeding guild). Certainly, the present view that habitat changes 
have been a factor of great importance does not rule out 
competition (particularly diffuse competition), for we have not 
studied the causal mechanisms relating habitat changes with 
changes in population parameters, Interspecific competition may 
be important in such mechanisms, 

Third, we raise the question of the time scale. Assuming that 
short-term competitive effects are important is eyuivalent to 
assuming that populations tend to be near to their "saturated" 
levels, but this is a hazardous assumption (Wiens 1977, O. 
Jirvinen 1978), cspecially in N Sgandinavia with unstable bird 
populations (0, Jiirvinen 1979). The best evidence for the existence 


of significant interspecific competition in the specics studicd 
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16. 

seems to be the complementarity of their ranges; but this may 
be an evolutionary meenar than an ecological effect, though 
drawing a sharp boundary botwoen tho two time scales is doubtful. 

We conclude that the species pairs studied by us in this 
paper cannot be adequately understood if they are modelled 
using standard competition equations, At least three additional 
points must be taken into ee in successful models: 
environmental changes (affecting the carrying capacity of the 


populations), population changes owing to climatic variability, 


and the evolutionary time scale, 
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Teh. oT. Age structure of the Finnish forests in 1951-53 and 1971-76 (modified from Jarvinen 


et al.{ 1977). 
|) "eS eee 
1951-53 “1971-76 Change 

| fF E1000 em 06) 10 0 0 
Treeless regeneration area 0) (1) tao (4) + 6.9 
Forest stands of 1-20 years teo (4) 28. 4 (14 + 209 

" : 21-40 years 20.3 (12) 25, 1 (13) +48 

Z i 41-60 years 36. 4 (21) 30. 8 (16) - 5.7 

: i 61-80 years 34. 0 (19) 35. 9 (18) +1.9 

se : 81-100 years 24, 0 (14) 24,3 (12) See 

i - 101-120 years 1oal ee) 14, 8 (7) : - 0.3 

i 121-140 years 10. 8 (6) 9e3 (5) - 1.5 

H t over 140 years 24.5 (14) 20. 9 (11) - 3.6 
Bp | £ i £6 a US See 
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23, 
Tah, 2. The population changes observed and their suggested 


explanations. In the third column, C indicates that the climatic theory 
is supported, while H refers to the theory that habitat changes have been 


important. See text for comments, 


: : Theory 
Population changes Suggested explanat 
p g ge xplanation aaneut ee 
| | 
Parus | | 
| | 
1, Long-term decrease of (Climatic amelioration, or impact > © op n 
cinctus of forestry | 
| | oo 
2. Long-term increase of ;Climatic amelioration, or , © or H 
cristatus in N Finland increase of spruce 
3. Colonization of Aland by (Increase of spruce, or chance; | H 
.cristatus (and possible hardly climate 
early increase inS Finland) 
4. Recent drastic decrease ‘Impact of forestry (since the 1950s); ; H 
of both cristatus and ‘not climate 
pe ee —— 
cinctus in the overlap zone 
of the species | 
5. Less drastic recent \Less intensive forestry than in the 


cone tee eee 


decrease in northern 


| 
| 
levees where the populations have 


populations of cinctus and | catastrophically declined; increase 


1 


in S Finnish populations of ‘ of spruce in S Finland; hardly climate, 


4 
; 
cristatus 
Pt ene alacant } 
i 
i 


6. Drastic decrease of The very cold spring of 1955, or C? 


cinctus from the 1940s to |population fluctuations, or failure ; 
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of Census itgi9553; not..forestry 
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(TABLE 2 continued) 


7. Northward change of the 1:1 zone | Climatic amelioration, or or Hi 
of the species from 1910-29 to | greater negative impact of 
{ 
1973-77 forestry on cinctus | 
Fringilla | 
i 
8, Long-term stability of | Wide habitat amplitude in : H 
montifringilla in Finland | N Finland; not climate | 
9, Temporary decrease of monti- | Cold winters of the early 19405) C? 
fringilla in the 1940s or population fluctuations; i 
' not forestry | 
10. Southward shift of montifringilla The very cold spring of 1955; » C 
in 1955 : not forestry 
11. Long-term increase of ‘Climatic amelioration, or | Crores 
coelebs in Finland | increase of edge effect, ee 
| and forests of high grade in 
s Finland, or detregeen 
| winter mortality | 
12. Changes of the 1:1 zone lremporary decrease of ! - 
of the species ' montifringilla in the 1940s | 
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| (point 9) and southern breeding 
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25. 
Legends to figures 


Fig. 1, May (left) and June (right) isotherms in 1901-30(.....), 1931-60 
{---. ) and 1961-75 (——-). (Keranen 1952, Kolkki 1966, unpubl. 


data of R. Heino for 1961-75.) The coordinates refer to the Finnish uniform 
grid. 


Fig. 2, Exceptional years with regard to winter temperature and 
monthly average temperature in April - July in Finland in 1936-77. The 
severity of the winter is indicated by the extent of ice cover in the Baltic 


"normal" winters; + = 


(= = very cold, - = cold; no symbol = intermediate 
mild, f . very mild). Monthly mean temperatures are from, (H) Helsinki, 
(O) Oulu and (S) Sodankyla (- = cold, + = warm; the probability of their 


occurrence is once in 10 years or less, see text), The most important 


transect census years are shaded, 


Fig. 3. Densities (pairs ee") and frequencies (in parenthesis) of the 


four species studied in 100-km zones of Finland in 1973-77. 


Fig. 4. A. The densities of Parus cinctus and P. cristatus in 1973-77. 
Hatching = density 0, 25-0. 5 pairs me: cross-hatching = density over 
0.5 pairs aa The 1:1 zone of the two species also shown; notice that 
this zone occurs in an area where both species are sparse, and the 
zone is thus quite unreliable. B, The 1:1 zones of the Parus' species 
in three study periods. The two earlier periods are based on Merikallio 


(1952), 


Fig. 5,A. The ratio of the densities of Fringilla montifringilla and F. coelebs 


in 1973-77. B. The 1:1 zones of the Fringilla species in three study 
& 
periods. The two earlier periods are based on Merikallio (1951). 
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Fig-* 1. Gaay (ier) anc June (right) isotherms in 1901-30 (.....), 1931-60 


(etsh2 ) and 1961-75 (——-). (Kerdnen 1952, Kolkki 1966, unpubl. 


data of R. Heino for 1961-75.) The coordinates refer to the Finnish uniform 
grid. 
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27. 
79 0 50 100km 79 
Fig. 1. May (left) anaQGone trish) isotherms in 1901-30({.....), 1931-60 
(----- ) and 1961-75 (——). (Kerdnen 1952, Kolkki 1966, unpubl. 


data of R. Heino for 1961-75.) The coordinates refer to the Finnish uniform 
grid. 
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Fig. 3. Densities (pairs em} and frequencies (iny vtenthesis) of the 
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four species studied in 100-km zones of Finland in - 73-77. 
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The densities of Parus cinctus and P. cristatus in 1973-77, 
cross-hatching = density over 


The 1:1 zone of the two species also shown; notice that 
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ee 


Fale pt AS The densities of Parus Sere and P. cristatus in 1973-77. 


Hatching = density 0. 25-0. 5 pairs eaceat cros}-hatchiin = density over 

} ; 
0.5 pairs nie The 1:1 zone of the two species also shown; notice that 
this zone occurs in an area where a speciés are ssparse, and the 


zone is thus quite unreliable. The jAzd zones of the Parus’ species 
\ 
in three study periods, The two earlie:| periods are based on Merikallio 


(1951), | : 
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Fig. G.s) mre ratio of the densities of Fringilla montifringilla and F. coelebs 


in 1973-77. B. The 1:1 zones of the Fringilla species in three study 


periods, The two earlier periods are based on Merikallio (195033 
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Fig. 5,A. The ratio of the densities of Fringilla monlifringilla and I", coelebs 


in 1973-77, The 1:1 zones of the Fringilla_ species in three study 


periods, The two earlier periods are based on Merikallio (1951). 
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